Abstract: This study investigated effects of varying levels of light intensities (25, 10, 5, 2.5 and 0.2 lx) from 22 to 56 d of age at 50% RH on blood acid-base balance, metabolites and electrolytes of heavy broilers reared under environmentally controlled conditions. Four identical trials were conducted with two replications per trial. In each trial, 600 1-d-old Ross 308 chicks were randomly distributed into 10 environmentally controlled chambers (30 males and 30 females chicks/chamber). Each chamber was randomly assigned one of five light intensities from d 22 to 56 d of age. Birds were provided a four phase-feeding program However, all these acid-base changes are still within the normal acid-base homeostasis physiological ranges. In addition, exposure of modern heavy broilers to varying light intensity produced no significant effect on pO2, sO2, Ca , mOsm, McHc, Angap, T3, T4 and CS. Acid-base regulation during light intensity exposure
INTRODUCTION
In order to develop a profitability program useful to most broiler growers, microenvironmental factors (air, temperature, humidity, light) recommendations are important to optimize profitability and welfare of broiler production. However, information is sparse on these factors and establishing proper welfare practices are central to international trade negotiations of meat products. High light intensity will increase activity, while low light intensity reduces hyperactivity and minimizes skin scratches (Classen and Riddell, 1989; Buyse et al., 1996; Manser, 1996) . Our previous review article reported that light intensity influences bird activity, behavior, physiology, immune response, growth rate and has been used to alleviate mortality issues related to metabolic disease (Olanrewaju et al., 2006b) . Changes in acid-base balance may occur during the early phase of many diseases and they have a n influence on the early manifestation of clinical signs and the effectiveness of therapeutics in both domestic animals and human being (Brobst, 1983; Gunnerson, 2005) . The limited research on acid-base balance, specifically as it relates to animal welfare, made i t necessary to conduct research of this kind. An evaluation of blood pH, electrolytes, blood gases and metabolites could elucidate acid-base disturbances and differentiate between metabolic and respiratory disorders in broilers exposed to various microenvironmental factors. I n addition, circulating concentration of triiodothyronine (T3) has been found to be linearly related to weight gain and feed intake in chickens (Yahav et al., 1995; 1998) . However, the association between light intensity and plasma triiodothyronine (T3) and thyroxine (T4) are not well defined physiologically in broiler chickens grown to heavy weights (>2.5 kg). Determination of these factors are essential so that therapeutic or nutritional strategies can be applied to reduce negative effects, if any and thereby optimize the environment in broiler houses to maximize the genetic potential of birds while reducing production costs. Most studies have not evaluated gradient levels of light intensity at ranges typically used in commercial practice on blood physiology with modern early-and late-developing broiler production systems. Previous studies demonstrated partial effects of light intensity on blood physiological parameters in the presence of ammonia (Olanrewaju et al., 2008) and temperature (Olanrewaju et al., 2010) . We do not know if these two microenvironmental constraints masked the effect of light intensity or whether the range of light intensity utilized was too narrow. To address this knowledge gap, the objective of this current study was to build-up, which would otherwise reduce the intensity. evaluate the specific effects of varying light intensity on Photoperiod in each chamber consisted of continuous various key physiological parameters in broilers grown lighting (24L:0D) at 20 lx from placement to 7 d, 20L:4D  to heavy weights under environmentally controlled  at 10 lx from 8 to 21 d, 20L:4D from 23 through 53 d and  conditions. 24L:0D from 54 to 56 d of age.
MATERIALS AND METHODS
Bird husbandry: A randomized complete block experimental design was utilized in the 4 trials conducted for this study. and 0900 h on sampling d from a brachial vein of 6 (3 male and 3 female chicks/chamber) randomly selected birds from each chamber and the birds were then returned to the appropriate chambers by using our standard handling procedure (Olanrewaju et al., 2008) . These sampled birds were identified so as not to be sampled again. In addition, unnecessary discomfort to the birds was avoided by using proper housing and handling techniques, as described by the NRC (1996) . Blood samples were collected directly into heparinized (50 IU/mL) monovette syringes within 45 s after birds were caught. The blood samples were immediately drawn directly from the syringes into a blood gas electrolyte analyzer (ABL-80 Flex, Radiometer America, Westlake, OH) for immediate analysis of partial pressure of CO2 (pCO2), partial pressure of O2 (pO2), oxygen saturation (sO2), pH, hematocrit (Hct), hemoglobin (Hb) and electrolytes (Na , K , Ca , HCO3
and Cl ). In addition, glucose (Glu), osmolality (mOsm) -and anion gap (Angap) were analyzed simultaneously. The pH, pCO2, pO2 and HCO3 values were corrected to -reflect a body temperature of 41.5°C (Burnett and Noonan, 1974) . The mean corpuscular hemoglobin concentration (McHc) was calculated using the standard formula [(Hb*100)/Hct]. The needle mounted on each monovette syringe was then removed, a cap was placed over the needle port and the syringes containing the blood samples were plunged into ice. After all birds were bled, the iced samples were transferred to the laboratory, centrifuged at 4,000 x g for 20 min at 4°C. Two mL of each of the plasma samples from the syringes were stored in 2.0 mL graduated tubes at -20°C for later chemical analyses. Plasma samples were removed from the freezer, thawed and analyzed for Corticosterone (CS) using a universal microplate spectrophotometer (Bio-Tek Instruments Inc., Winooski, VT) with ELISA reagent assay test kits from Assay Designs (EIA-CS Kit, Assay Designs Inc., Ann Arbor, MI), according to the manufacturer's instructions. We have previously used this kit methodology per manufacturer's instructions in broilers (Olanrewaju et al., 2008; 2010 found on any of the sampling days. Table 5 shows the antibodies. The microtiter plate was then incubated for influence of varying light intensity on blood K and Ca . 60 min with T3 conjugated with horseradish peroxidase Light intensities of 0.2 and 2.5 lx significantly (p<0.054) or T4 conjugated with horseradish peroxidase. Following increased blood K concentration on d 42 in comparison incubation, the plate was washed 5 times and then with 5 lx, but there was no effect of varying light intensity incubated with the horseradish peroxidase substrate on blood Ca concentration on any of the sampling 3,3',5,5'-tetramethyl benzidine for 20 min. Absorbance days. There were no effects of varying light intensity on was measured at 450 nm following the addition of stop mOsm, sO2, Angap, McHc, T3 and T4 on any of the solution to each well. The concentrations of T3 and T4 sampling days (data not shown). Furthermore, blood were calculated using standard curves. This glucose levels and plasma CS concentrations were not methodology of the kit as it relates to the manufacturer's significantly affected by treatments on any of the instructions has been used previously (Dozier et al., sampling days in the present study (data not shown). 2011).
Statistical analysis: A randomized complete block
Previous studies demonstrated partial effects of light design was used in this study with two replications per intensity on blood physiological parameters in the trial. Analyses were conducted using ANOVA followed by presence of ammonia (Olanrewaju et al., 2008) and least significant difference test comparing treatment temperature (Olanrewaju et al., 2010) . We do not know means using the MIXED procedure of SAS software (SAS if these two microenvironmental constraints masked the Institute, 2008). Chamber was considered as the effect of light intensity or the range of light intensity experimental unit and treatments were replicated i n utilized was too narrow. Therefore, the present study time. Four trials were repeated over time where trial examined varying levels of light intensity on blood serves as the blocking factor. In addition to the treatment physiological parameters of broilers grown to heavy effect, the statistical model also incorporated the sex weights. The results indicated that exposure of broilers and day effects. Chambers used were switched within to the lowest light intensity of 0.2 lx significantly affected trials to remove chamber effects so that treatments are the acid-base balance especially starting from 28 d of not confounded. Means comparisons were assessed by least significant differences and the level of significance was fixed at p<0.05 unless otherwise stated.
RESULTS
The influence of varying light intensity on plasma pH and HCO3 is presented in Table 1 . In comparison with other -treatments, only the lowest light intensity (0.2 lx) significantly (p<0.005) increased pH at 56 d of age. Furthermore, females had significantly (p<0.001) higher pH in comparison with males on 56 d of age. There was no effect of light intensity on HCO3 on any of the -sampling days. As shown in Table 2 , there was only an effect of varying light intensity on pCO2 on d 56. Lowest light intensity significantly (p<0.001) decreased pCO2 on d 56 and females concurrently had significantly (p<0.053) lower pCO2. No effect of light intensity on pO2 was found on any of the sampling days, but the highest value was under the lowest light intensity of 0.2 lx, which has the lowest value of pCO2. Table 3 shows the effect of varying light intensity on blood Hb and Hct. Light intensity of 0.2 lx significantly decreased Hb (p<0.000) and Hct (p<0.000) on d 28 in comparison with 2.5 and 25 lx, respectively. In addition, males had significantly higher Hb (p<0.048) and Hct (p<0.044) concentrations in comparison with females on d 42. Table 4 shows the effects of light intensity on plasma Na and Cl . Lowest 
DISCUSSION
age, which was in agreement with our previous report (Olanrewaju et al., 2008) . For instance, 0.2 lx significantly increased pH, Na , K , Cl and significantly reduced + + -pCO2, Hb and Hct. However, all these acid-base changes were still between the normal acid-base homeostasis and physiological ranges for broiler chickens. In addition, exposure of modern heavy broilers to varying light intensity produced no significant effect on pO2, sO2, Ca , mOsm, McHc, Angap, T3, T4 and CS.
2+
The finding that pH was elevated and blood pCO2 was decreased along with slightly increased pO2 indicates minimal respiratory alkalosis. Results suggest a n increased ventilation rate in broilers exposed to the lowest light intensity, which might be related to their BW and less physical activity. As was observed in this study, the decreased pCO2 may account for respiratory hypopnea, which prevents pO2 from decreasing. It is generally agreed that a decrease in blood pH results in increased stimulation ventilation capacity (Davenport, 1950) . However, any speculation regarding the role of blood pH in the regulation of respiration must b e tempered by a consideration of other factors that are also influential in the chemical control of respiration (Gesell, 1925) . Changes in the acid-base balance are a source of information about the early phase of diseases and they influence the clinical signs, disease development and the effectiveness of therapeutics (Brobst, 1983) . The systems controlling acid base balance are interlinked. The principal organ systems exposed to the lowest light intensity exhibited higher used in acid-base homeostasis in birds are the lungs respiratory rates, which may be due to their BW or lack of and kidneys and these are supported by the activities. The increased respiratory rate disrupted their gastrointestinal tract (Long, 1982) . Therefore, relatively acid-base balance because of excessive CO2 losses small changes in ventilation can have a profound effect (Toyomizu et al., 2005) . on hydrogen ion concentration and pH. Thus, a change
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The essential electrolytes for the maintenance of the in plasma pH or pCO2 results in a change in ventilation acid-base balance are sodium (Na ), potassium (K ) within minutes. Disturbances in venous blood acid-base and chlorine (Cl ). However, K is more involved in many status (pCO2 and pH) observed in this study may be metabolic processes, including the acid-base balance attributed to relative differences in the body sizes and (Borges et al., 2007) . The number of positive and ages of birds. The older broilers exhibited greater negative ions in the plasma must balance at all times. resting venous blood pCO2 tensions and were relatively Aside from the plasma proteins, HCO3 and Cl are the more acidotic (hypercapnic acidosis). This may be due two most abundant negative ions (anions) in plasma. to age-dependent differences in ventilation rate or may
The plasma K , Na and Cl concentration results in the reflect the consequences of an increased metabolic current study are consistent with our earlier reports demand in the larger birds (Korte et al., 1999) . Birds (Olanrewaju et al., 2008) . This may be attributed to mild Table 4 : Influence of light-intensity on plasma sodium (Na ) and Chloride (Cl ) of broilers grown to heavy weights Table 5 : Influence of light-intensity on plasma potassium (K ) and Calcium (Ca ) of broilers grown to heavy weights 
2+
Hematological examinations in these studies have also proved that the total amount of Hb and Hct in blood can decrease with decreased rearing light intensity, which can result in lower metabolic rate. Decreases in Hb and Hct observed in this study, may be related to the decreased metabolic activity, leading to a decrease in erythropoiesis and subsequent oxygencarrying capacity in the blood. The lack of effect of light intensity on sO2 in the present study still supports this finding, since it measures the percent of hemoglobin that is fully combined with oxygen. Concentrations of certain plasma hormones, enzymes and metabolites such as CS have been suggested to be sensitive indicators of stress levels in broiler chickens (Puvadolpirod and Thaxton, 2000; Olanrewaju et al., 2006a) . The nonsignificant effect on plasma C S observed in the present study indicates that birds were Korte, S.M., A. Sgoifo, W. Ruesink, C. Kwakernaak, S. not stressed. The results of this study supplement current knowledge of the hematology and biochemistry o f plasma in modern chickens with heavy BW during the growth period using varying light intensities of 25, 10, 5, 2.5 and 0.2 lx. In addition, treatments did not affect plasma corticosterone. Also, results imply that sex and day represent significant contributors of variation i n levels of several blood physiological parameters that should be considered in the interpretation of the laboratory test results in broiler chickens. This study shows the positive impact on profits to commercial poultry facilities that are using low lighting environment to reduce hyperactivity, pecking damage and energy costs without physiological stress effects on broiler welfare.
